Sodium-glucose co-transporter 2 (SGLT2) inhibitors, such as canagliflozin, are used in patients with Type 2 diabetes mellitus (T2DM). In clinical studies, canagliflozin significantly reduced A1C, bodyweight and blood pressure, and was generally well tolerated with no increased risk of hypoglycemia. Most common adverse effects observed were genital mycotic infections and urinary tract infections, and increased urination. Approximately 10% of women treated with canagliflozin experienced a genital mycotic infection compared with 3% treated with placebo; those with a prior history were at greater risk. Approximately 9% of women treated with canagliflozin reported a urinary tract infection compared with 7% treated with placebo. Most adverse events were considered mild to moderate in intensity and responded to standard therapy. Treatment with canagliflozin was effective and generally well tolerated in both women (and men) with T2DM.
Diabetes is a growing public health issue in the USA and around the world. At least 29 million people -of which 13.4 million women -in the USA have diabetes [1] . As a leading cause of kidney disease, blindness and excess mortality, diabetes presents challenges to healthcare and society [1] . Women are also at risk for complications and comorbidities that are exacerbated by diabetes, such as urinary tract infections (UTIs), genital mycotic infections (GMIs) and urinary frequency symptoms [2] [3] [4] [5] .
National diabetes treatment guidelines recommend that clinicians consider and balance treatment efficacy, associated risk for hypoglycemia and adverse effects when choosing therapy [6, 7] . Since many patients require more than one antihyperglycemic agent, combining those with different mechanisms of action is a recommended approach [6] .
Sodium-glucose co-transporter 2 (SGLT2) inhibitors are a newer class of oral antihyperglycemic agents with a unique mechanism of action that targets renal glucose handling to promote excretion of glucose [8] . At present, three SGLT2 inhibitors -canagliflozin, dapagliflozin and empagliflozin -are approved in the USA for use as an adjunct to diet and exercise in patients with Type 2 diabetes mellitus (T2DM). In general, SGLT2 inhibitors have demonstrated improved glycemic control, with A1C reductions ranging from 0.5 to 1.2% in placebo-controlled clinical studies [9] . Furthermore, the highest approved clinical dose of canagliflozin (300 mg) provided greater reductions in A1C versus sitagliptin or glimepiride in 52-week clinical studies [10, 11] . In addition, clinical studies have shown that SGLT2 inhibitors reduce bodyweight and systolic blood pressure (SBP), are generally well tolerated and are associated with a low risk for hypoglycemia [7, 12] . The most common adverse effects are related to the mechanism of action and include GMIs and UTIs, particularly among women, and increased urination [7, 12] . This review examines the effi- Review Kushner cacy and safety of canagliflozin with a focus on issues of particular importance to women's health.
Role of the kidney & SGLT2 in T2DM
Because glucose is central to normal physiologic processes -yet toxic in excess -the human body has developed an intricate balancing mechanism to maintain glucose homeostasis. The kidneys are integral to this mechanism, playing a key role in both the production and elimination of glucose [13] . To maintain healthy glucose levels, the kidneys produce approximately 20% of endogenous glucose in the fasting state, filter and reabsorb glucose from the bloodstream and eliminate excess glucose through urination [8, [13] [14] . The balance between reabsorption and excretion in particular is crucial to glycemic control [14] .
Glucose is reabsorbed actively in the kidney through the action of SGLT1 and SGLT2, and passively through the action of glucose transporters GLUT1 and GLUT2 present in the proximal tubules of the kidney (Figure 1 ) [13] . SGLT2 -a high-capacity, low-affinity transporter -is present in the proximal segment of the proximal tubule and is responsible for more than 90% of glucose reabsorption [8, 13] . The remaining 10% of glucose reabsorption occurs through SGLT1 -a lowcapacity, high-affinity transporter -present in the distal segment of the proximal tubule. SGLT1 is also located in the small intestine, where it is responsible for the reabsorption of glucose and galactose [8, 13] . Compared with healthy individuals, SGLT2 transporters are overexpressed in patients with T2DM; this overexpression increases the system's capacity to reabsorb filtered glucose by approximately 20%. Animal and human studies indicate that chronic hyperglycemia upregulates expression of SGLT2 [13, 14] . This overexpression of SGLT2 in T2DM increases the level at which glucose is excreted -the renal threshold for glucose (RT G ) -contributing to hyperglycemia [13] . It follows that inhibition of SGLT2 should lower RT G to enable more glucose to be excreted, thereby reducing hyperglycemia. In animal models of diabetes, the nonselective SGLT inhibitor phlorizin was shown to reduce hyperglycemia [15] . However, the nonselective inhibition of SGLT1 resulted in gastrointestinal side effects. The insight that selective SGLT2 inhibition should have similar antihyperglycemic effects with a lower risk of gastrointestinal side effects led to clinical development of SGLT2 inhibitors [8] .
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Canagliflozin for the treatment of Type 2 diabetes Review Canagliflozin Canagliflozin -a once-daily oral SGLT2 inhibitoris highly selective for SGLT2 over SGLT1 [17] . Canagliflozin binds to SGLT2 in the proximal tubules, thus blocking reabsorption of glucose, lowering RT G and increasing urinary glucose excretion (UGE) [17, 18] . In patients with T2DM, canagliflozin reduces RT G from approximately 240 mg/dl to between 70 and 90 mg/dl over 24 h, resulting in an increase in UGE of approximately 100 g/day [19] . At steady state in healthy subjects, mean 24-h UGE with canagliflozin 300 mg is approximately 25% higher than with dapagliflozin 10 mg [20] .
Because of the mechanism of action, the glucoselowering effect of canagliflozin is insulin independent, and thus not affected by baseline insulin resistance or compromised β-cell function often observed in patients with T2DM [21] . This suggests that SGLT2 inhibitors can be effective at any stage of T2DM, including the advanced stages in which insulin resistance is severe or β-cell function is severely compromised [13] .
T2DM tends to affect individuals who are older and/or who have one or more additional cardiovascular risk factors or comorbidities. As such, they often require multiple medications, raising concerns about poly pharmacy and drug-drug interactions. Because of its metabolic pathway, canagliflozin has no clinically relevant pharmacokinetic interactions with metformin, sulfonylureas, simvastatin or hydrochlorothiazide -all drugs commonly used in the management of T2DM [22] [23] [24] [25] . For younger women with T2DM, it is reassuring that canagliflozin has no clinically relevant drug-drug interactions with oral contraceptives [22] [23] 25] . The pharmacokinetics of canagliflozin are not altered by administration of the drug after a high-fat meal and are similar regardless of gender, age or bodyweight [26] .
Canagliflozin efficacy in Phase III trials
Canagliflozin has been studied across a range of patients with T2DM as monotherapy [27] , as a component of dual therapy [10, [28] [29] [30] and as a part of triple therapy [11, [31] [32] . In patients with T2DM with a mean baseline A1C of approximately 8.0%, treatment with canagliflozin 100 or 300 mg as monotherapy produced A1C reductions of 0.91 and 1.16%, respectively, relative to placebo, as well as significant reductions in fasting plasma glucose (FPG) and postprandial glucose (PPG) levels (Table 1 ) [27] . In this trial, 45 and 62% of patients achieved A1C less than 7.0% with canagliflozin 100 and 300 mg, respectively [27] . As an add-on to metformin, canagliflozin 300 mg provided greater reductions in A1C than glimepiride or sitagliptin after 52 weeks; canagliflozin 100 mg produced similar A1C reductions compared with glimepiride and sitagliptin [10, 29] . When added to background metformin and a sulfonylurea or metformin and pioglitazone, both canagliflozin 100 and 300 mg significantly reduced A1C relative to placebo [31, 32] . In another active-controlled study, treatment with canagliflozin 300 mg led to greater A1C reductions at 52 weeks than sitagliptin in patients with T2DM who were inadequately controlled with metformin and a sulfonylurea [11] . No difference in efficacy response was seen between female and male patients [33] .
As a result of excretion of the glucose and the associated calories, weight loss has been observed with SGLT2 inhibitors [16] . In multiple trials, canagliflozin treatment exerted a positive effect on bodyweight, with dose-related percent bodyweight reductions of approximately 3-5%. Two-thirds of the observed bodyweight reduction with canagliflozin 100 and 300 mg result from reductions in fat mass, with greater reductions in abdominal visceral fat relative to subcutaneous fat [10] . Canagliflozin provided greater reductions in bodyweight compared with sitagliptin (weight neutral) [11, 29] and glimepiride (weight increase) [10] . Weight reductions were generally maintained during 2 years of follow-up [28, 40] .
SGLT2 inhibitors can cause a mild osmotic diuresis associated with increased UGE. In clinical studies, treatment with canagliflozin has been shown to result in decreases in SBP and diastolic blood pressure (DBP). As monotherapy or in combination with other agents, canagliflozin (at both 100 and 300 mg) is associated with dose-related reductions from baseline of approximately 3-5 mmHg SBP and 1-3 mmHg DBP, relative to placebo [41] . Changes in pulse rate were similar for canagliflozin and placebo in these trials. Canagliflozin 
Canagliflozin safety profile
Overall (all patients)
Canagliflozin, like other SGLT2 inhibitors, has been associated with an increased incidence of adverse effects related to its mechanism of action of increased glucose excretion, including GMIs, UTIs and osmotic diuresis [34] . Because GMIs and UTIs are adverse effects of particular importance in women with diabetes [2,5], they are discussed here in further detail. A greater incidence of osmotic diuresis-related events such as pollakiuria (increased urinary frequency, the most frequently occurring of these events) and polyuria (increased urinary volume) is reported with canagliflozin compared with placebo [41] . These events tended to occur within the first 6 weeks of initiating treatment [41] . In pooled analyses of 26-week clinical studies, pollakiuria was shown to occur in 4.2, 3.1 and 0.6% of patients treated with canagliflozin 100 mg, canagliflozin 300 mg and placebo, respectively [34, 41] . Similarly, in 1-year active-comparator studies, a higher proportion of patients receiving canagliflozin 100 and 300 mg experienced osmotic diuresis-related events compared with those who received glimepiride [10] or sitagliptin [29] . Patients should be educated to recognize the difference between frequent urination, which is related to a higher carbohydrate diet on an SGLT2 inhibitor, and dysuria, which could be a sign of a UTI.
Despite the transient increase in adverse events associated with osmotic diuresis, volume-depletion events -most commonly hypotension, postural dizziness and orthostatic hypotension -were generally uncommon with canagliflozin, and occurred at rates similar to those seen with placebo. In a pooled analysis of four placebo-controlled trials, treatment-related events occurred in 0.5-0.7% of canagliflozin-treated patients and 0.3% of patients receiving placebo [41] . However, in a broader pooled analysis, a few factors were identified that showed an increased risk of volume-related events in patients treated with canagliflozin 300 mg: older age (≥75 years of age), moderate renal impairment (estimated glomerular filtration rate [eGFR] <60 ml/min/m 2 ), and concomitant treatment with loop diuretics [34] . Assessing patients for pre-existing volume-related issues and monitoring during treatment is useful for managing these adverse effects.
Because of its insulin-independent mechanism of action, canagliflozin alone is associated with a low risk of hypoglycemia, with no significant increase in overall or severe hypoglycemia reported in placebocontrolled studies of canagliflozin when used either as monotherapy or with other antihyperglycemic agents not typically associated with hypoglycemia (e.g., metformin or pioglitazone) [34] . Hypoglycemia rates are similar for canagliflozin 300 mg and sitagliptin 100 mg (despite a greater A1C reduction with canagliflozin), and lower with canagliflozin than glimepiride [11, 28] . Co-administration with insulin or insulin secretagogues (such as sulfonylureas) increases overall hypoglycemia risk, which is expected for antihyperglycemic agents with a low risk for hypoglycemia; this suggests that adjustment of the insulin or secretagogue dose may be required [30, 34, 43] .
Treatment with canagliflozin results in small changes in low-density lipoprotein cholesterol (LDL-C) levels. Dose-related increases in LDL-C of 4.5 and 8.0% relative to placebo occur with canagliflozin 100 and 300 mg, respectively, and LDL-C monitoring is recommended during therapy. Significant increases in high-density lipoprotein cholesterol (HDL-C) and small decreases in triglycerides are seen consistently in patients treated with canagliflozin, and may be related to improved glycemic control and reductions in bodyweight [34] . Based on data from longer-term trials, the increases in HDL-C and LDL-C appear to occur during the first 6 months of treatment and remain relatively stable thereafter [28, 29] . The impact of these lipid changes, along with other changes (e.g., lower A1C, bodyweight, blood pressure, among others), is currently under evaluation in a cardiovascular safety study (CANVAS; ClinicalTrials.gov: NCT01032629) [44] .
There have been reports describing concerns that SGLT2 inhibition might have negative effects on bone mineral density (BMD) and increase fracture risk in patients with T2DM [35] . This is of particular concern for older adult patients with T2DM, who by virtue of having diabetes are at higher risk for osteoporosis and fracture [6] . After 2 years of treatment with either canagliflozin 100 or 300 mg in older patients (aged 55-80 years) with T2DM, small but significant reductions (approximately 1% relative to placebo, which translate into a T-score change of -0.1 after 2 years) in BMD were observed in the total hip, with no significant changes in the femoral neck, lumbar spine and distal forearm BMD [9, 36] . The change in total hip BMD was significantly associated with the reduction in bodyweight observed with canagliflozin [35] .
No increase in fractures was seen with canagliflozin (1.1%) versus noncanagliflozin (1.3%) in a pooled analysis of eight randomized clinical trials, excluding the results from the CANVAS interim analysis [37] . In the interim analysis of CANVAS, which randomized patients with higher cardiovascular risk (mean baseline age was 62 years, duration of diabetes 13 years; hemo-future science group
Canagliflozin for the treatment of Type 2 diabetes Review globin A1c 8.2%, FPG 9.3 mmol/l and BMI 32 kg/m 2 ; 57% had a history of atherosclerotic vascular disease), a non-dose-dependent increase in bone fractures was found with canagliflozin (doses pooled: 4.0%) versus placebo (2.6%) [37] . Fractures were observed as early as 12 weeks after treatment initiation, were more likely to be low trauma (e.g., fall from no more than standing height) and affect the upper extremities (e.g., hand and wrist). The increase in fractures may be mediated by falls or other extrinsic factors in the higherrisk population. The effects of canagliflozin on fractures is being monitored in ongoing outcomes studies including CANVAS, CANVAS-R (ClinicalTrials.gov: NCT01989754) and CREDENCE (ClinicalTrials. gov: NCT02065791) -a trial to assess the effects of canagliflozin on renal-related outcomes.
Serious events of diabetic ketoacidosis (DKA), all requiring hospitalization, have been reported to the US FDA Adverse Events Reporting System in association with all SGLT2 inhibitors. Warnings about the potential for DKA have been added to the labeling for SGLT2 inhibitor medications in this class [45] . DKA has occurred in euglycemic patients taking SGLT2 inhibitors [46] . In pooled analysis of more than 17,000 patients with T2DM enrolled in clinical studies with canagliflozin, the overall incidence of DKA and related events was low (<0.1%) and similar across canagliflozin and noncanagliflozin treatment groups [47] .
Genital mycotic infections
GMIs are a relatively common experience for women. The most frequently occurring GMI among women, vulvovaginal candidiasis (VVC), affects nearly 75% women at least once during a lifetime [5] . Women with T2DM are more likely than healthy women to be colonized with Candida spp.; the point prevalence of Candida colonization among women with T2DM is reported to be 20-29% [5] . These women are also more likely to develop VVC. A study of >122,000 women treated in primary care practice found that women with T2DM had an 81% higher risk of VVC than women without diabetes [5, 48] . Hyperglycemia contributes to GMIs by providing an environment that facilitates fungal growth, impairs neutrophils and complement proteins, and promotes the virulence of yeasts [5, 49] . The risk for developing VVC (or any type of infection) in women with T2DM increases with progressively poorer glycemic control [48, 50] . Glucosuria, a symptom of uncontrolled hyperglycemia, predisposes women to VVC, likely because increased glucose in the urine creates conditions conducive to yeast adherence, germination and growth. This is relevant to treatment with SGLT2 inhibitors as their mechanism of action increases UGE. In clinical trials, GMIs were reported more frequently during treatment with all SGLT2 inhibitors than with placebo or active comparators [49, [51] [52] .
Diabetes-associated GMIs are less frequent in men. Candida balanitis, a common GMI among men, occurs at a higher rate among men with diabetes than among those without diabetes (16 vs 5.8% in a veterans aging cohort). It is extremely rare among circumcised men [5] .
Genital mycotic infections with canagliflozin
The incidence of GMIs was higher among women and men treated with canagliflozin compared with placebo or active comparators (sitagliptin or glimepiride), but was not shown to be dose related (Table 2) [10-11,38].
Overall, approximately 10% of women treated with canagliflozin developed a GMIs of mild-to-moderate intensity compared with 3% of those treated with placebo in the clinical trials. Women who had a GMIs with canagliflozin tended to report them early (i.e., during the first 3−6 months of treatment), with a decline in risk with time ( Figure 2 ) [38] . No life-threatening GMIs or hospitalization occurred in women in these trials, and greater than 99% of GMIs were considered mild to moderate in intensity [38] . All GMIs responded to standard antifungal treatment, and in many cases were self-treated by the patient; very few GMIs led to treatment discontinuation (0.5-0.9%) [34, 38] . The majority of women (78.5%) who developed a GMIs with canagliflozin had a single episode; 18.3% had two episodes and 3.2% had three or more episodes [34, 38] . Women with a prior history of VVC were 2.5 times more likely to experience a GMIs during canagliflozin treatment than women with no prior history [38] . Thus, physicians should inquire on previous history of VVC in patients. Furthermore, women who reported a GMIs during canagliflozin treatment tended to be younger (premenopausal), had a slightly higher BMI and were more often colonized with Candida spp. at baseline, compared with those who did not develop a GMIs [38, 53] .
Men treated with canagliflozin experienced more GMIs than placebo, but the overall incidence of GMIs was lower compared with women regardless of treatment. The most relevant risk factors for developing GMIs among men were being uncircumcised, prior history of GMIs and a longer duration of T2DM [38] . Two serious GMIs occurred in men, one each with canagliflozin 100 mg and canagliflozin 300 mg, and involved hospitalization for circumcision (phimosis) [38] .
Management of genital mycotic infections in canagliflozin-treated patients
Patients with uncontrolled hyperglycemia should be managed to achieve glycemic goals, which in turn may reduce their GMI risk [5] . GMI that emerge during cana-future science group Review Kushner gliflozin treatment are similar to those observed in noncanagliflozin-treated women, and female patients with T2DM have the same risk factors for VVC. These risk factors include the use of high-estrogen oral contraceptives, intrauterine devices, diaphragms with spermicide, and antibiotics [5] . History and clinical presentation are adequate for most diagnoses [5] . History should include targeted questions about health status, recent medication use, vaginal symptoms, previous VVC episodes, hygiene and use of over-the-counter self-administered medications. Diabetes-related questions should ascertain the T2DM medications used and the degree of glycemic control achieved using current therapies [5] . Symptoms are the same as those in women without T2DM, including vulvar itching, erythema, irritation and vaginal discharge that may be curdy (VVC) or yellowish [5] .
In clinical trials, women who develop VVC while being treated with canagliflozin have similar response to typical antifungal agents such as over-the-counter azoles, intravaginal agents and fluconazole [5] . Those with severe infection or very poorly controlled hyperglycemia may need two doses of fluconazole or a longer course of topical azole therapy (≥5 days). If nonCandida spp. are identified, a topical nonfluconazole azole for ≥7 days is the recommended initial therapy [5] . In a study of canagliflozin-treated women with T2DM (n = 198), two of nine infections with culture results were identified as Candida glabrata; no women experienced recurrence after a standard course of antifungal therapy [53] .
Urinary tract infections
UTIs are the most commonly encountered bacterial infections in the USA; from 40 to 50% of women will experience at least one symptomatic UTIs during their lifetime [2, 50, 54] . T2DM itself is a risk factor for UTIs; older age, longer duration of disease, poor glycemic control, presence of complications and diabetic kidney disease further increase the risk of UTIs [55] [56] [57] [58] [59] . In postmenopausal women with T2DM, UTIs risk is increased by disease duration of at least 10 years (relative risk: 2.6; 95% CI: 1.3-5.1), and treatment with insulin (relative risk: 3.7; 95% CI: 1.8-7.3) [60] . Treatment with SGLT2 inhibitors, including canagliflozin, increased the risk of developing a UTI (odds ratio: 1.42, 95% CI: 1.06-1.90) [12] .
Urinary tract infections with canagliflozin
During canagliflozin clinical trials, a moderate, nondose-dependent increase in UTI rate was observed in both women and men. In these trials, UTIs occurred in 5.9 and 4.3% of patients treated with canagliflozin 100 and 300 mg, respectively, and 4.0% of patients who received placebo [34] . In both the canagliflozin (pooled doses) and placebo groups, UTIs occurred more often among women (8.7 vs 7.7%, respectively) than among men (1.4 vs 0.6%, respectively). However, the rate of recurrent UTIs was similar with canagliflozin and placebo [34] . In active-comparator studies, the incidence of UTIs was generally similar for canagliflozin versus sitagliptin [11, 29] . Canagliflozin for the treatment of Type 2 diabetes Review
In clinical trials, UTIs occurring with canagliflozin treatment predominantly involved mild-to-moderate symptoms and responded to standard antimicrobial therapy. Upper UTIs, including urosepsis and pyelonephritis, were rare (0.1%) and there was no increase in their incidence with canagliflozin versus placebo [34, 39] . The pattern of mild-to-moderate UTIs and low risk for upper UTIs remained consistent during 2 years of follow-up [28, 40] . In patients with moderate renal impairment and in older patients, an increase in UTIs was seen with canagliflozin 300 mg (7.9 and 8.1%, respectively) compared with canagliflozin 100 mg (5.6 and 5.8%, respectively) or placebo (5.6 and 5.1%, respectively) [39] .
In postmarketing surveillance by the FDA, 19 cases of urosepsis or pyelonephritis were reported after using/taking SGLT2 inhibitors. As a result, the FDA required the manufacturers of SGLT2 inhibitors to update prescribing information with a warning highlighting the potential for these types of adverse events [61] .
Canagliflozin recommended dosing
The starting dose of canagliflozin is 100 mg/day for all patients with an eGFR of at least 45 ml/min/1.73 2 . If more glycemic control is needed, and provided the patient's eGFR is at least 60 ml/min/1.73 2 and 100 mg dose is tolerated, the dose can be increased to 300 mg/day. Canagliflozin should not be initiated for patients with eGFR <45 ml/min/1.73 2 , and is contraindicated in patients with eGFR <30 ml/min/1.73 2 . Renal function should be assessed prior to starting canagliflozin and periodically during treatment. If the eGFR is persistently <45 ml/min/1.73 2 , canagliflozin should be discontinued [62] .
Conclusion
Canagliflozin is associated with reductions in blood glucose, bodyweight and blood pressure. The most common adverse effects observed in clinical trials were an increased incidence of GMIs and increased urination. Overall, canagliflozin is generally well tolerated and provides a unique mechanism of action in the treatment of diabetes in women. • It describes a broader effect and impact of urinary tract infection on everyday life. • Extensive overview of sodium-glucose cotransporter 2 inhibitors in Type 2 diabetes. 
Executive summary

Canagliflozin
• Sodium-glucose co-transporter 2 inhibitors are a class of oral antihyperglycemic agents that work through an insulin-independent mechanism by inhibiting renally mediated glucose reabsorption.
• Canagliflozin, the first sodium-glucose co-transporter 2 inhibitor approved in the USA, is a once-daily drug that improves glycemic control with a low risk of hypoglycemia in patients with Type 2 diabetes mellitus.
Canagliflozin safety profile
• In clinical use, canagliflozin is also associated with reductions in blood glucose, bodyweight and blood pressure.
• Canagliflozin is generally well tolerated; the most common adverse effects observed in clinical trials are an increased incidence of genital mycotic infections and increased urination.
• Given the unique mechanism of action and demonstrated efficacy and safety as monotherapy or in combination with metformin, other oral antihyperglycemic agents or basal insulin, canagliflozin may be a useful treatment option in patients with Type 2 diabetes mellitus regardless of their stage of disease. 
